Summary
Chronic visceral pain is a typical condition associated with inflammation. The mechanism of visceral pain in chronic abdominal pain syndromes, such as irritable bowel syndrome and chronic pancreatitis, is poorly understood and its treatment has been largely empirical, with an outcome that is variable and frequently unsatisfactory. Human and experimental studies have indicated a critical role of neuronal mechanisms that result in peripheral and central sensitization. [1] [2] [3] The nociceptive sensitization, literally meaning sensitization to noxious stimuli, begins with the primary afferent nociceptor, a nerve whose cell body lies in the dorsal root ganglia (DRG). DRG is located next to the spinal cord and has 2 branches: a long peripheral one terminating in the target tissue and a shorter central process that ends in the dorsal horn of the spinal cord. 6 and transforming growth factor beta1, 7 are upregulated.
In a further mechanism study on those nociceptors in thoracic/ lumbar DRG, a prolonged intracellular calcium elevation is commonly associated with the neuronal hyper-excitability or hypersensitivity, contributing to nociception and chronic pain (hyperalgesia or allodynia). There are 2 distinct mechanisms proposed in modulating the intracellular calcium level when noxious stimuli activating the cognate membrane receptors at the surface of nociceptors. 8 Store-operated calcium entry (SOCE) involves in activation of calcium channels by inositol 1,4,5-trisphosphate which is the key for calcium depletion from endoplasmic reticulum calcium stores; receptor-operated calcium entry (ROCE) involves in activation of calcium permeable channels directly by DAG. 9, 10 It remains unknown whether ROCE mechanism sensitizes the sensory neuron, however, SOCE component participates in calcium homeostasis and plays a significant role in chronic pain pathologies. Recently, Alkhani et al 11 published "Contribution of TRPC3
to store-operated calcium entry and inflammatory transductions in primary nociceptors" in Molecular Pain. This study reveals a major contribution of transient receptor potential cation channels (TRPC) to neuronal calcium homeostasis in somatosensory pathways. These channels are non-selectively permeable to cations, with a selectivity of calcium over sodium variable among the different members. Here, TRPC engages in both SOCE and ROCE in control of calcium influx that triggers calcium-dependent pathways and peripheral sensitization. Therefore TRPC is functionally coupled to several inflammatory transductions, including UTP/P2Y2 and proteases/PAR2 signaling complexes. Logically, this unique dual contribution to SOCE and ROCE defines the calcium-permeable TRPC3 channel as a key regulator of calcium homeostasis in DRG neurons in normal or pathological pain conditions. Therefore, TRPC3 is a new target for therapeutic strategies in chronic pain.
Comments
Prolonged intracellular calcium elevation contributes to sensitization of nociceptors and chronic pain in inflammatory conditions. Many strategies have been applied in control of visceral pain in current treatment or in clinical trials by focusing on a blockage of noxious stimuli. For instance, the US Food and Drug Administration has voted unanimously that antibodies against nerve growth factor should re-enter clinical trials for pain. 12 These strategies are mainly based on the foreigner noxious agent or environment, such as released chemicals, or "inflammatory soup". It is well known that the noxious agent is always increased at the site of the chronic inflammatory pain; it is just beginning to know that the intracellularly endogenous agent such as DAG is also over produced in inflammatory pain. From Alkhani et al, 11 it is more evident that DAG is a real trigger to prolong intracellular calcium elevation contributing to sensitization of nociceptors and chronic pain in inflammatory conditions. There are the following evidences to support their claims: first, TRPC3 is physically expressed in small and medium diameter sensory neurons that are for responsible to pain, this is consistent with an earlier study reported by Kress et al. 13 Second, these neurons evoked a significant increase of Gd
3+
-sensitive SOCE conductance in following thapsigargin-induced calcium store depletion. With further activation by DAG (an analog of OAG), the increased Ca 2+ influx can be potently inhibited by SKF96365, suggesting this channel in SOCE response is activated through phospholipase C pathway DAG-gated. Third, to check the role of TRPC3 in SOCE response in DRG neurons, Alkhani et al. applied RNA interference with a subunit specific to GFP-tagged TRPC3 shRNA, its knockdown efficacy was confirmed by Pyr10, a selective TRPC3 antagonist, indicating a significant role of TRPC3 in SOCE. Furthermore, activation of P2Y2 purinoceptors (P2Y2 receptor) or PAR2 triggered a strong increase in intracellular calcium which is attributed from TRPC3 overexpression; on other hand, it was suppressed in knockdown of native TRPC3 and suppressed by Pyr10. Authors in this study and other studies 13 have also found that TRPC1 is present in DRG sensory neuron, including small and medium sized neurons. TRPC1 function has also been linked to ubiquitous stromal interaction molecule 1 (STIM1)-dependent SOCE. It is likely that TRPC1 and 3 both contribute to SOCE in the current study. Nevertheless, these data show a robust link between TRPC3 channel activation and pro-inflammatory receptors through DAG overexpression. DAG mediates a calcium influx by operating both of SOCE and ROCE. It is reasonable to infer that TRPC3 can couple SOCE/ROCE and DAG as pro-inflammatory metabotropic receptor in peripheral sensitization. Therefore, TRPC3 could be a potential target for therapeutic strategies in chronic pain conditions.
